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Background
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Background (continued)

d CONSTRAINTS in a thermodynamic equilibrium state:
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Jumping Scenario
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Oxygen deficiency range

*NOTE: the scale for Ce3* concentration is different
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Thermochemical Model Jumping Scenario
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X~3x10-L Conclusion

O O? ions mediate the oxygen diffusion close
to the stoichiometric range only;

Q O% ions control the oxygen diffusion in the
intermediate and high nonstoichiometry region.
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Model of Oxygen Self-Diffusivity

O DIFFICULTIES

= Extensive atomistic calculations are required to evaluate

the formation and the migration of oxygen defect species;

= The short time involved in such calculations (hundreds of ps, at the
most ) may lead to uncertainties in calculated self-diffusivities.

d WORKING ARROUND
= Define an average jumping frequency:

U The average formation energy

E«(x,T) icall Iculated
V(X,T) — v eXp . Em eXp . Ef (X’T) usixng avﬁi:rr:#(r)rfﬁgai?:/ar:pcpur:aih;
’ k. T

k T O An average migration energy E, =
B B 0.55 eV (atomistic modeling) was used
in calculations (v,=3x10%3 s1)
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Model of Oxygen Self-Diffusivity (Continued)

] The oxygen self-diffusivity: Calculated Correlation Factor

D.(x,T)=(a:/24)v(x,T)f_(X)
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Model of Oxygen Self-Diffusivity (Continued)

 The oxygen self-diffusivity: Calculated Self-Diffusivities

D.(x,T)=(a:/24)v(x,T)f_(X)

Average Formation Energy

3+
i Ce diffusivity

— 0]
1 | :[_ 1190 C | e,

Average jumping frequency

=
(@)
N
S

log,, (DS/cmzs'l)

b - 1200 °C

c-1300°C

0.00 0.65 | O.|10 | O.|15 | O.|20
x in CeOop_y

o
o1
T
1
(00]

Average formation energy (eV)

CeO,,
0.00 0.05 0.10 0.15 0.20
X in CeOyp_y

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED
ES 94

T.1 3
The World’s Greatest Science Protecting America > s



UNCLASSIFIED

Conclusions and Future Work

O The average formation energy decreases with increasing the nonstoichiometry from
1.3 eV close to x=0, to 0.4 eV, close to x=0.2; the temperature has only little influence
on this trend;

d The 0% ions control the self-diffusivity close to the stoichiometric domain; the
intermediate and the high nonstoichiometric domain is controlled by the O ions.
This conclusion follows from the particular assumption about the nature of the defect
species in ceria.

O A first principles based calculation of self-diffusivity in ceria still represents a
very difficult problem due to the complex nature of defect species.

FUTURE WORK
4 Extend the calculations to similar lattices, such as PuO,_, and UO,,,
U Retrieve the free energy of defect migration and defect formation from electronic

structure and atomistic calculations.
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